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A canera,  suitable  for  recording  speckle  interf ercgraits  through  large 
optical  telescopes,  has  bean  constructed.  Its  design  and  perforaance 
characteristics  are  raoorted  together  with  the  results  of  initial  studies 
of  the  isoplanatic  patch  at  the  Steward  Obseir.'atory  2.3‘  telescope  on 
Kite  Peak.  The  speckle  pattern  correlation  approaches  zero  for  objects 
seoarated  bv  b arcsecs. 
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1.  INTRODUCTION 

The  aim  of  this  project  is  to  study  methoids  of  obtaining  high  angular 
resolution  data  from  faint  sources  using  optical  interferometric  (speckle) 
techniques  on  large  telescopes.  Applications  are  to  studies  of  artificial 
satellites  and  astronomical  objects.  Ultimately,  it  is  hoped  to  establish 
whether  useful  data  can  be  obtained  using  large  multiple  mirror  telescopes. 
During  this  first,  single  year,  contract  period  we  undertook  the  design  and 
construction  of  a suitable  speckle  camera  along  with  an  image  intensifier 
and  photographic  recording  system.  We  also  undertook  to  study  the  angular 
extent  of  the  region  over  which  iso-planacy  is  maintained  through  the  atmos- 
phere and  to  develop  data  handling  methods  for  reducing  the  specklegrams . 
This  work  has  been  successfully  completed  and  is  described  below. 

2.  THE  SPECKLE  C.V'1ER.V  SYSTEM 

.1  schematic  of  the  speckle  camera  system  is  shown  in  Figure  1. 

(Detailed  drawings  may  be  obtained  on  request.)  The  speckle  system  consists 
of  several  independent  modules;  namely, 

(i)  the  prism  system  to  correct  atmospheric  refraction 

(ii)  the  main  module  containing  the  microscope,  guide  alignment  system, 
and  filter  trays 

(iii)  the  image  intensifier  package 

' . system,  currently  a photographic  camera. 


„ach  OL  these  systems  will  be  described  individually. 
2.1  The  Prism  Svstem 


This  module  fits  directly  to  the  telescope  mounting  flange  and  consists 
of  a rotating  wheel  in  which  are  located  four  apertures,  any  one  of  which  may 
be  placed  in  the  telescope  beam  by  activation  of  a small  electric  motor.  One 
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aperture  is  clear,  the  remaining  three  contain  quartz-t luorite  zero  mean 
deviation  prism  mounted  on  rotating  stages.  The  prism  characteristics  are 


listed  in  Table  1.  The  stages  rotate  on  precision  bearings  which  permit 
verv  free  motion:  they  are  also  loaded  with  off-center  weights  so  that  ex- 
cept at  the  zenitli,  the  prisms  are  automatically  oriented  in  the  direction 
of  gravitv  and  hence  of  refraction.  Each  prism  is  designed  to  correct 
atmospheric  refraction  to  the  desired  accuracy  (i.e.,  better  than  the  diffrac 
tion  limit  of  the  telescope)  within  prescribed  intervals  of  zenith  distance 
(cf.  Table  1).  Thus  for  work  near  the  zenith  the  clear  aperture  is 
selected  while  for  zenith  angles  near  55“  prism  3 would  be  used.  Our 
experience  at  the  90"  telescope  working  at  f/9  has  clearly  demonstrated  the 
simplicitv  and  effectiveness  of  this  approach.  For  telescopes  or  different 
e. receive  local  Lengths  (e.g.,  the  ^0"  at  f/A5,  t\ie  kPNO  15S")  , it  is 
aecessary  to  introduce  a spacer  between  the  prism  module  and  the  micro- 
scope svstem  if  the  prisms  are  to  correct  for  the  same  zenith  distance 
.atervals . With  this  simple  addition  the  system  can  be  used  on  any  tele- 
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~ . - The  Main  .‘■'■oduie 

This  module  bolts  directly  onto  theprism  flange  and  contains  a mechani- 
c li  stage  on  which  are  mounted  the  microscope  objective,  a reticule  and  a 
l.Tor.  A schematic  is  shown  in  Figure  2.  In  one  location  of  the  stage, 
microscope  objective  is  on  the  optical/mechanical  axis  of  the  entire 
teiescope/speckle  camera  system.  In  the  other,  the  reticule  is  centered  on 
this  axis  and  the  45“  viewing  prism  sends  the  light  from  the  telescope  to 
a viewing  eyepiece.  An  object  may  thus  be  centered,  after  which  a simple 
motion  of  the  stages  places  the  system  in  the  "observe"  mode.  The  micro- 
scope objectives  are  Interchangeable  and  a range  of  magnifications  between 
.15  and  X60  is  available  in  order  to  accommodate  different  focal  ratios  on 
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Immediately  beneath  the  microscope  is  an  electronic  shutter  (Uniblitz) 
which  is  controlled  from  a unit  mounted  to  the  side  of  the  main  instrument 
housing.  The  shutter  speed  may  be  pre-set  on  thumb  wheel  switches  to  values 
in  the  range  2.5<At  < 999  milliseconds.  It  may  be  activated  either  from  the 
photographic  (Canon)  camera,  in  which  case  the  two  shutters  are  suitably 
sequenced,  or  from  a computer.  So  far  only  the  photographic  mode  has  been 
used  for  scientific  data  gatiiering  altliough  tests  with  Keticon  (ID)  and  CID 
(2D)  detectors  have  been  made. 

2. J The  Image  Intensifier 

We  are  currently  using  a three  stage  electrostatic  image  tube  assembled 
at  Steward  Observatory  from  selected  single  stage  Varos.  The  system  gives  a 
peak  quantum  efficiency  of  11  percent  at  5500A  and  has  useful  sensitivity 
between  2000A  and  SOOOA.  The  luminous  gain  is  approximately  5 x 10^  at 
5500a.  The  output  image  is  transferred  with  a Repro-" Ikho:-  lens  to  the 
detector  plane.  Tlie  net  gain  of  the  system  in  this  mode  is  just  adequate  for 
photographic  work  but  a further  intensification  stage  is  needed  if  fast  scanned 
Si  array  detectors  are  to  be  used  at  low  light  levels.  The  decay  time  of  the 
three  output  phosphors  again  causes  no  problem  in  photographic  recording  but 
could  become  a source  of  difficulty  when  very  rapid  contiguous  frames  are  taken 
(e.g.,  with  an  SIT  vidicon  detector  at  standard  60  Hz  frame  rate).  The  intensi- 
fier systems  needs  improvement  both  in  gain  and  decay  time  characteristics.  It 
has  also  precluded  work  at  wavelengths  shorter  and  of  aOOOA  which  should  he  in- 
vestigated at  some  time. 

2.4  The  Detector 

So  far,  the  only  detector  used  at  the  telescope  for  standard  work  has  been 
a standard  Canon  camera  with  an  automatic  film  advance  system.  In  this  mode  the 
exposure  rate  is  determined  either  directly  by  the  observer  or  by  the  three 
frame  per  sec  multiple  exposure  rate.  The  recording  emulsion  used  has  been 
Kodak  Tri-X  in  either  36  or  256  exposure  cassettes.  The  emulsion  was  developed 
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in  D19  although  early  exper inoncs  indicated  that  M\'.T2  was  superior  in  in- 
suring the  highest  detective  quantun  efficiency  at  low  light  levels.  With 
this  systeti  good  quality  specklegrams  can  be  obtained  of  stars  down  to  6th-7th 
magnitude.  Seyond  this  point,  however,  the  density  of  recorded  events  declines 
rapidly,  partly  as  a result  of  reciprocity  failure  in  the  film  and  the  number 
of  frames  required  to  insure  sufficient  signal  to  noise  becomes  inconveniently 
large.  Detector  improvements  are  clearly  required  for  the  lower  light  levels. 
Initial  tests  with  a digital  CID  camera  (see  Section  5.1)  appear  promising 
and  data  have  been  obtained  on  the  faint  satellites  of  Saturn. 

3.  STl'DiES  OF  r.iO  .ATiOSFKERIC  F.ODrL.iTIOW  FUNCTION 

One  of  Che  major  questions  concerning  image  reconstruction  with  large 
astronomical  telescopes  is  the  size  of  the  iso-planatic  patch  - the  angular 
extent  of  the  region  over  which  the  atmospheric  modulation  of  ch.e  incoming 
light  wave  is  the  same.  This  is  crucial  in  certain  image  reconstruct  ion 
techniques  involving  a nearby  point  source  to  determine  the  atmospi.er ic 
transfer  function  (Liu  and  Lohcnann  1973,  Weigelt  1975).  It  is  also  funda- 
mental CO  understanding  Che  behavior  of  the  atmosphere  and  hence  Che  general 
limitations  on  speckle  techniques. 

Our  technique  has  been  to  observe  a series  of  bright  binaries  with  separ- 
ations in  the  range  2"  - 10"  arcsecs.  Only  systems  in  which  bocn  scars  were 
brighter  chan  6ch  magnitude  were  used  and  preference  was  given  to  pairs  of 
approximately  equal  brightness.  Tlie  objects  are  listed  in  Table  2.  The  data 
were  recorded  on  photographic  emulsion  and  later  digitized  using  the  PDS 
scanner  at  Kite  Peak  National  Observatory. 
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Star 


WIDE  DOUBLES 


Magnitude 


Separation 

(arcsecs) 


'^l 

^2 

Y 

Vir 

3.65 

3.68 

4.05 

Y 

Leo 

2.61 

3.80 

4.30 

C 

Cnc 

5.56 

6.02 

5.97 

LT-Ia 

4.41 

4.87 

3.03 

a 

Gera 

1.99 

2.85 

2.10 

11 

Mon 

4.60 

5.22 

7.4 

5.60 

2.5 

Our  method  of  analysis  was  as  follows:  For  each  frame,  the  autocorre- 
lation of  each  star  in  a binary  system  was  calculated  along  with  the  cross- 
correlation between  the  two  stars.  The  results  were  denoted  by  A(l) , A(2) , 
and  C(l,2).  Each  of  these  functions  contains  a high  spatial  frequency 
component  arising  from  the  "diffraction"  limited  speckle  pattern  together 
with  a low  frequency  component  representing  the  scale  and  distribution  of 
the  seeing  disk  S(l),  S(2),  S(l,2).  This  latter  component  may  be  evaluated 
from  the  cross-correlation  of  any  stellar  image  on  successive  exposures,  or 
ones  more  widely  separated  in  time.  A measure  of  the  speckle  autocorrela- 
tions and  cross  correlation  a(l) , a(2) , and  c(l,2)  respectively,  are: 
a(l)  = A(l)  - S(l) 

a(2)  = A(2)  - S(2) 


c(l,2) 


(C,l,2)  - S(l,2) 
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These  quancicios  were  then  averaged  over  ail  frames  of  a given 
object.  Ti'.e  averaged  functions  <a(l)>,  <a(2)>  and  <c(l,2)>  are  plotted 
in  Figures  J and  4 for  the  binary  stars  y Vir  and  Zeta  Cnc  with  separations 
4.05"  and  5.97"  respectively.  Note  that  in  4 Cnc  there  is  essentially  no 
regaining  correlation  at  a separation  of  6.0".  The  results  of  all  the  stars 
in  ti'.e  sample  nay  be  parameterized  by  the  function 

V(  ) = --c(1.2)>/<a(l)  <a(2)>)‘/^ 

where  v is  the  separation  of  the  two  scars.  The  results  for  all  stars  ob- 
serr'ea  are  saown  in  figure  5.  Although  there  is  substantial  scatter  at  a 
g'..ven  separation,  there  does  appear  to  be  an  uoper  envelope  to  the  data 
wnich  declines  tron  approximately  0.5  at  2 arcsecs  to  essentially  zero  at 
0 arcsecs.  Ve  have  also  made  some  effort  to  determine  the  dependence  of 
'n  zenith  distance.  The  results  shown  in  .-igure  c indicate  no  oh'/ious  trend 
over  ancles  less  chan  45®  but  more  data  are  reqi:ired  to  confirm  the  result. 

'■■.'e  conclude  therefore  that: 

(a)  tne  size  of  the  iso-planaCic  patch  at  the  Steward  *^0"  telescooe 
at  Kitt  Peak,  is  < 6 arcsecs  in  tvpical  conditions; 

(b)  substantial  correlation  exists  out  to  4.5  arcsecs; 

ic)  the  correlation  at  anv  given  separation  varies  with  time. 


DATA  .-XN.VLYSIS 

Our  main  efforts  in  this  area  have  been  directed  towards  developinz  soft- 
ware Co  process  2-1)  analogue  frames  such  as  digitized  photographic  data. 

The  program,  (SPEKLl , is  described  brief Iv  below: 

The  reduction  program  uses  the  method  or  autocorrelating  each  short- 
e:<posure  frame  to  recover  information  of  high  spatial  frequency  and  using  the 
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r'.ie  autocorro Ldtion  n,l)  and  I 

and  tiio  oross-correla- 
cion  c(i,3)  for  clitj  binary 
a car  y Vir  A and  3 are  sho^'m  i 

in  Fii^s.  (.a),  (b) , and  (c) 
respectively.  The  separation 
of  conponenta  A and  3 is  4.03 
arcsecs.  J 
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cross-cor relation  of  each  frame  with  the  (n+l)th  frame  as  an  approximation 
of  the  noise  introduced  by  seeing.  The  sum  of  the  cros  -correlation-s  can 
then  be  subtracted  from  the  sun  of  the  auto-i-orrclac ions  to  ijive  a v>'rv 
good  approximation  of  the  auto-correlation  of  the  object  itself,  without 
seeing  effects.  This  method  was  first  proposed  bv  Schmidt,  Angel  and  harms 
and  was  later  applied  to  Vesta  by  Worden.  Stein.  Schmidt  .ind  Angel  as 

part  of  this  contract  work. 

The  program  itself  begins  by  reading  in  each  digititred  f ram  and  Fourier 
transforming  it.  Then  each  frame  is  squared  and  also  multiplied  by  its 
neighbor.  These  operations  are  equivalent  to  doing  auto-  and  cross-correla- 
tions of  the  frames.  T'ao  program  keeps  a running  sum  of  the  difference  of 
the  auto  and  cross  correlation  transforms  and  at  the  end,  it  inverse  trans- 
rorm.s  the  result.  r.ie  Fourier  transform  methoiis  are  completelv  eauivalent 
to  a direct  correlation,  but  for  higii  flux  levels  run  much  faster. 

For  the  isoplanacy  measurements , the  program  is  based  on  the  need  to 
measure  the  similiarty  of  the  speckle  patterns  of  two  stars  in  a wide 
binary.  Clearly  if  they  were  identical  the  cross-corre lation  of  the  two 
would  be  the  same  as  the  suitably  normalized  auto-cor  re  la  t ion  of  eiciier. 

If  they  were  uncorrelated,  t!ie  cross-correlation  would  be  onlv  noise.  Thus, 
seme  sort  of  norm  of  the  cross-correlation  should  he  compared  to  that  same 
r.cri  of  the  auco-v'or  re  lat  ion.  K’e  arbicrarilv  chose  to  comp. ire  the  maximum 
height  1 infinity  norm)  of  the  cross-correlation  to  tho  average  of  the  infi- 
nity norms  of  the  auto-correlations  for  an  iso-planacy  parameter  (cf.  53). 
Tile  infinity  norm  has  the  advantage  of  being  easv  to  calculate,  but  the 
possible  disadvantage  of  being  sensitive  to  the  noise  spike  In  our  data 
because  our  sampling  size  is  much  larger  than  the  film  grain  size,  or  the 
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photon  size  on  tho  film. 


At  the  hi>;h  photon  rntes  (i.e.,  rates  in  which  more  than  one  photon 
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arrives  per  speckle/frame  on  averaj^e)  a similar  processint?  scheme  is  reqaireJ 
for  digital  data  also.  In  this  situation  tlie  analvsis  time  turns  out  to 
be  longer  tlian  tl'.o  frame  time.  In  the  event  that  the  number  of  photons  per 
frame  is  low,  iiowever , it  becomes  possible  to  calculate  the  auto-corro  I at  ion 
directly  in  a time  shorter  than  the  frame  time.  An  experiment  has  been 
carried  out  at  tlie  90"  using  only  a linear  array,  thereby  losing  much  of 
the  available  information  (Schmidt,  Angel  and  Harms  Hlb).  It  nontheless 
was  clearly  demonstrated  the  on-line  calculations  of  the  auto-corro lat ion 
function  could  be  carried  out  at  the  telescope. 

We  conclude  that  if  processing  is  carried  out  in  the  computer  there 
is  .1  natural  divisiiin  between  low  flux  studies  where  auto  correlations  can 
be  carried  out  on  line  without  wasting  ohservine  rime.  i'lie  informario!)  p«'r 
frame  is  in  any  case  Low,  many  frames  are  therefore  reuuired,  and  telescope 
time  is  crucial.  For  bright  oblects  the  nvimher  of  frames  requirovi  is  lower 
but  the  processing  cannot  occur  in  real  ti-u'  in  the  computer.  Telescope 
time  is  wasted  if  on  line  results  are  desired.  The  onlv  vcav  in  which  tele- 
scope time  can  be  conser\’ed  is  by  using  liard-wirod  Fourier  Transform  devices 
in  which  the  Incoming  data  is  processed  before  stacking  (ee-addingl  in 
the  computer. 


5.  PRORLoMS  .V\D  FUTURE  WORK 

In  carrying  out  the  program  described  .ihovo , we  liave  encountered  a number 
of  problems  and  discovered  several  areas  for  further  i nves t igat i en . 

5 . 1 Detector  System 

Our  most  serious  problem  has  been  the  use  of  a photographic  reeerding 


I 


I 


system.  The  difficulties  arise  because  of  the  folK>wing: 
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(a)  the  non-linear  responses 

(b)  the  low  dynamic  range 

(c)  the  slow  frame  rate  compared  to  frame  time  (inefficient  data 
gathering) 

(d)  the  immense  data  reduction  task  when  onlv  a few  photons  are 
recorded. 

The  above  problems  limit  the  efficiency  and  accuracy  of  recording  data 
and  render  work  on  fainter  objects  prohibitive. 

These  deficiencies  can  be  remedied  by  the  introduction  of  a linear  elec- 
tronic recording  system  capable  of  measuring  either  analogue  signals  (high 
photon  rates)  or  the  locations  of  individual  photons.  Such  a system  might  be 
constructed  using  500  x 500  pixel  solid  state  array  (CCD  or  CID)  readouts  of 
high  gain  image  tubes.  In  our  system,  it  would  merelv  replace  the  photographic 
camera.  It  is  hoped  to  construct  such  a readout  system  during  the  next  grant 
period.  In  the  meantime,  some  preliminary  detector  work  has  been  carried  out. 

Photoelectronic  Detector  Development 

A 2 X 936  Reticon  photo  diode  array  and  a 128  x 128  GE  charge  injection 
device  (CID)  image  sensor  have  been  successfully  implemented  as  secondary 
sensing  elements  for  photoelectron  limited  data  acquisition.  Both  of 
tl'.j.se  devices  are  transfer  lens  coupled  to  t!ie  output  of  the  equivalent  of 
d or  more  stages  of  Varo  photoelectronic  image  intensifiers  to  provide  the 
primary'  photoelectronic  detection  and  optical  signal  amplification  necessary 
to  overcome  the  electronic  readout  noise  intrinsic  to  such  devices.  Tlie 
.Reticon  photodiode  array  has  been  implemented  in  a one-dimensional  mode  as  a 


possible  precursor  for  a Reticon  2-D  array.  The  CID  device  has  been  demonstrated 
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as  an  image  sensor  tor  2-D  speckle  interferometry  camera  in  both  analogue 
and  photon  counting  modes.  These  systems  are  described  briefly  below. 

The  Reticon  Svstem.  The  Reticon  CPIOOI  silicon  photodiode  array  con- 
sists of  two  parallel  adjacent  rows  of  936  diodes  each.  The  diodes  are 
30i.m  long  (contiguous  along  the  row)  and  375um  wide.  The  active  area  is 
thus  0.750  mm  wide  x 28  mm  long.  The  arra>'s  are  scanned  sequentially  under 
computer  control.  Each  array  is  readout  in  two  analog  channels  through 
low-noise  charge-sensitive  FET-input  preamplifiers.  In  order  to  reduce 
the  detector  dark  current  the  entire  array  and  preamplifier  package  is  cooled 
to  -dS^C.  To  minimize  readout  noise,  the  arrays  are  scanned  at  a ma.ximum 
rate  of  4 K!iz  (250u-sec  per  diode)  allowing  analogue  filtering  to  20  KHz 
bandwidth,  yet  permitting  an  3 KHz  data  rate  since  odd  and  even  diodes  are 
read  simultaneouslv.  T'ais  perziits  operation  witli  a 14  bit  .\/D  converter 
at  a dynamic  range  (ratio  of  maximu.m  signal  to  read-out  noise)  of  104  to  I 
with  a readout  noise  of  approximately  700  electrons  per  photodiode. 

This  system  is  currently  used  as  an  analog  readout  device  to  record  1-D 
data  obtained  at  the  90"  telescope  Cassegrain  focus.  The  spectrum  or  object 
is  initially  imaged  onto  an  RCA  two-stage  40  m.m  magnetically-focused  image 
tube,  and  the  phosphor  output  of  the  tube  is  re-imaged,  using  an  fl.O  Repro- 
N’ikkor  1:1  transfer  lens,  onto  a V.iro  tiiree-stage  40  r.im  intensifier.  The 
pnosphor  output  of  the  Varo  tubes  is  in  turn  imaged  bv  n.  second  f/l.G  Repro- 
Nikkor  1:1  transfer  lens  onto  the  Reticon  photo  diode  array.  The  Varo  tubes 
are  magnetically  shielded  from  the  RCA  tube,  and  one  stage  of  the  Varo  tubes 
is  equipped  witii  a pair  of  coils  which  translates  the  spectrum  along  the 
photo  diode  array  in  order  to  over-sample  the  spectrum.  Deflection  of  the 


spectrum  by  one-half  diode  width,  i.e.,  15um,  comfortably  oversamples  the 


65um  resolution  obtained  with  a 2.5  arcsecond  spectrograph  aperture.  With 
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both  transfer  lenses  at  f2.8,  approximately  1.5  x 10  electrons  are  produced 
in  the  detector  for  each  photoelectron.  Since  the  readout-out  noise  is  about 
700  electrons,  individual  photoelectrons  are  detected  readily.  The  diode 
saturation  charge  is  approximately  2 x 10^  electrons,  thus  the  effective 
detector  dynamic  range,  at  these  transfer  lens  settings,  is  approximately 
1300:1. 

In  order  to  further  minimize  the  detector  noise,  the  image  tubes  are 
cooled  to  about  -15°C  to  reduce  photoelectronic  dark  emissions  and  ion 
events.  A computer  algorithm  makes  it  possible  to  identify  and  remove  the 
large  amplitude  signals  (typically  10  to  100  times  that  of  photo  electrons) 
produced  by  ion  events  by  comparing  a given  detector  scan  with  ones  immediately 
preceeding  and  following  it.  The  variations  in  diode-to-diode  sensitivity 
of  the  Reticon,  amounting  to  about  5Z  rms,  are  calibrated  by  observing  a 
continuum  lamp.  The  total  system  response  function  is  determined  by  observing 
photoraetrically  calibrated  standard  stars. 

The  device  is  readily  generalizeable  to  2-D  formats  more  suitable  to 
speckle  work.  Such  arrays  will  soon  be  available  from  the  Reticon  Corporation. 


T!ie  CID  System.  The  central  component  of  the  General  Electric  TN2200 
CID  camera  is  a 123  x 123  element  array  of  pixels  on  46um  centers  giving  a 
sguare  sensor  5.9  mm  on  a side.  liiis  camera  may  be  readout  at  a maximum  rate 
of  forty  frames  of  lo,334  elements  per  second  (O.b  MHz)  externally  clocked 
by  Its  control  unit. 

The  computer  supervised  camera  control  used  here  contains  a four  micro- 
second 3 bit  A/D  converter  with  selectable  clock  rate  and  other  logical  con- 
trols for  a high-speed  shutter  and  other  auxiliary  equipment.  Between  the 
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camera  control  and  the  actual  interface  to  the  control  computer  there  is  a 
high  speed  3 bit  multiplier  which  can  be  bypassed  or  inserted  into  the 
digitized  video  data  path  or  may  be  made  available  directly  to  the  pro -essor 
for  high  speed  3 bit  multiply  operations. 

The  control  computer  is  an  8 bit  Z-30  microprocessor  capable  of  ^ Mile 
operation  coupled  to  a 64K  300  nsec  static  iLVM  memory.  This  memory  is 
sufficient  to  hold  image  acquisition  and  analysis  programs  and  still  have 
room  for  two  completely  digitized  frames  of  data.  An  on-line  video  display 
consisting  of  a simple  .KYZ  (X,  Y,  Intensity)  monitor  capable  of  displaying 
3 bit  digitized  data  on  ail  three  axes  is  included.  This  image  acquisition 
system  is  linked  by  a data-interf ace  to  a host  computer  for  recording  frames 
on  disk  and  magnetic  tape  and  for  other  data  reductions.  With  the  micro- 
processor running  at  its  - M!!z  clock  rate,  the  system  is  capable  of  acquiring 
and  storing  3 bit  digitized  pixel  data  for  a complete  17,334  elem.ent  frame 
in  30  msec. 

’.vhen  the  camera  is  operated  at  the  camera  noise  is  signif icantiy 

less  than  the  least  significant  bit  (l.s.b.)  of  the  8 bit  A/D  converter.  In 
Che  conf iguracion  used  with  the  speckle  camera  application,  the  primary 
camera  image  was  acquired  with  a three-stage  40  mm  Varo  image  intensifier. 

The  phosphor  output  of  the  image  intensifier  was  reimaged  on  a second  three- 
stage  4(3  Turn  Varo  image  intensifier  using  an  fl.O  Xepro-Nikkor  1:1  transfer 
iea.-!.  To  reduce  dark  emissions,  the  image  intensif iors  were  operated  at 
about  -15®C.  With  both  transfer  lenses  at  f 1.4  sing’...-  photoeieccron  events 
can  be  imaged  on  single  pixels  with  amplitude  of  more  C an  100  l.s.b. 

A version  of  this  system  has  just  been  tried  ou'"  ; "he  telescope. 
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First  indications  are  that  good  speckle  data  were  obtaineu  olcliough  a proper 
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evaluation  awaits  detailed  reduction.  The  system  has  two  apparent  disad- 
vantages; namely  a fairly  slow  frame  time  (2  secs  at  present  although  this 
can  be  improved  to  ' 0.5  secs  at  low  flux  rates)  and  only  marginally  adequate 
numbers  of  picture  elements  for  use  at  a - 100"  telescope.  For  larger  tele- 
scopes a 256  X 256  array  will  be  necessary.  Nonetheless,  the  present  system 
offers  valuable  experience  and  an  apparently  useful  interim  solution  to  the 
detector  problem.  For  the  longer  range  we  are  continuing  our  interest  in 
SIT  Vidicon,  Reticon  arrays  and  large  format  RCA-CCD  systems. 


5 . 2 Atmospheric  Effects 

In  the  course  of  our  analysis  we  have  come  across  a number  of  further  \ 

tests  that  need  to  be  made  to  fully  assess  the  power  of  the  speckle  technique. 

They  are: 

1.  How  long  an  exposure  can  be  made  without  loss  of  information? 

How  does  tl.is  depend  on  light  level? 

2.  How  many  speckles  on  average  contain  above  a specified  fraction  j 

of  incident  photons? 

3.  Is  there  good  radial  symmetry  in  the  extension  of  speckles  when 
broad  band  passes  are  used?  If  so,  can  lenses  be  used  to  correct 
this  as  suggested  by  Dainty? 

i.  How  does  the  sice  of  the  isoplanatic  patch  varv  with  telescope 

j 

i 

aperture?  | 

5.  Why  does  speckle  contrast  seem  to  decline  at  shorter  wavelengths  ^ j 

and  how  does  this  limit  interferometric  studies?  j 

These  questions  will  be  addressed  during  the  new  grant  period.  j 
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